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1. Introduction
Deep Inelastic lepton scattering experiments have made very important contributions to the 
understanding of the structure of matter. The long tradition of experiments of deep inelastic 
scattering started with the experiment at the linear accelerator at SLAC in 1968, where 
an approximate scaling of the nucleon structure function in a dimensionless variable x 
gave first evidence for scattering on charged pointlike constituents of the nucleon. In 
the 70's and 80's, beam energies upto several hundred GeV become available and allowed 
to measure precisely the logarithmic scaling violation in the structure functions which 
become instrumental for testing QCD. In 1992, the ep collider HERA was put in operation, 
where centre-of-mass energy of 300 GeV can be reached [1] compared to about 30 GeV 
in fixed target experiment. This makes it possible to explore a new domain in x and 
C2. Specially low x regime (x £ 10-4) has received intense theoretical and experimental 
attention [2]. Similarly, probirfg the structure of the Pomeron at HERA [3] through 
diffractive structure function has opened a new dimension in the physics of deep 
inelastic scattering. In the spin physics on the other hand, new information on g2 has 
been reported [4,5).
The present talk deals with following few selected topics of deep inelastic
scattering:
• Double asymptotic scaling
• Gluon and longitudinal structure functions at low x
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•  Diffractive structure functions
•  Spin structure functions.
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2. D oub le  asym ptotic sca lin g
As early as 1974, it was shown that with reasonable boundary conditions [6 ], perturbative
Q2
QCD predicts a universal growth in the gluon momentum density at large r (r = In
I ^and small x faster than any power of In j  but slower than any inverse power of v. More
recently, Ball and Forte [7] brought this perturbative to the phenomenological front. They
have recast the result of reference [6 ] in two asymptotic variables
• *o  . /In —  In — , 
x / 0
In ( x q / x ) 
In (r/f0 ) ( I )
HERA [8] provides excellent agreement with both the scaling predictions and confirm the 
perturbative results [6 ]. The asymptotic behaviour of Fi{0, p ) is then
( 2 )
Nt and riy being the number of colours and flavours respectively. The unknown function j. 
which depends on the details of the starting distribution tends to one for sufficiently small 
values of its argument. N is an a priori undetermined normalisation factor. For nf= 4 and 
=3, 5 -  1.36.
In order to test this prediction, data [9] are presented in the variables a  and p. taking 
the boundary conditions to be Jt0 = 0.1 and Qj = 1 GeV3. and Alo ■ 185 MeV. The 
measured value of F2 are rescaled by
R r ( o , p )  = 8.1 exp ^ 8 ^  + Y |n(t*)+ ,n [ ^ ] ]  <5*
to remove the part of the leading subasymptotic behaviour which can be calculated in i 
model independent way; In (Rf F2) is then predicted to rise linearly with a  and with a 
slope 1y.
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Figure (la) shows such a linear rise. A Fn to the data gives the value of 
2.22 ± 0.04 ± 0.10 for the slope. The result agrees well with the prediction ol the slope 
2y = 2.4 for four flavours. Figure (la) contains data withp2 > 1.5 only.
Figure 1. The rescaled structure functions lo g ( p  F2 ) and plotted vmut the variables 
a  and p defined in the text Only data with p2 > 1 5 arc shown m (a).
Scaling in pean he shown by multiplying F2 by the factor 
R F = R r e - 1**. (6 )
This rescaled structure function should scale in both <r and p when both lie in the 
asymptotic regions. Figure ( I b) shows the scaling in p which sets in for p > 1.2.
The prediction for RfF2 as a function of ponly depends on the gluon density at Qfi. 
While for a soft starting gluon distribution, scaling for the full asymptotic region is 
predicted, a hard gluon input would lead to scaling violation at high p [7]. The data shown 
in Figure [I(a, b)] are well described by the asymptotic behaviour derived from soft 
boundary conditions.
More recently, Ball and Forte [10] developed the double scaling formalism with 
NLO effects. In this case, (land pare defined as
a  = (7)
P *
In (x0 /x)
"'here a,(£>-) is to be evaluated at the two loop level.
(8)
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< M C 2 ) =
with /J| = 102 -  ■y-nj
4k
p 0 i n ^ r
1 -
Q 2 Na In In .  
Pi A1
«  l . « i J
(9)
In order to obtain the structure function within the NLO DAS formalism, one defines 
besides the usual logarithmic QCD evolution variables t = In (y^-) and £ = In (*^), the 
evolution length Tof a;.(Q2) from a starting point Q\  to Q2
' a t ( Q S Y
( 10)T=  In
a A Q 2 )< J
To leading order, 7 is simply In (-/-).
fo
For large t and £ and an F2(x, Q2) which at Qq is not too singular in jc, the NLO 
double asymptotic expression for F2(x, Q2) is [10]
F2 ~ Nr  (1 - / n l o  ) exP + ^
The normalisation coefficient NF is .
J y 5 n f
N r  = n 324
(ID
(12)
For nf = 4 and Nt = 3, it gives y = 516, 5 =  ^and = 0.038. 
The NLO correction term / nLo is
/ »  lo -  13“ . ( « ’ >1 <°>
and
f  206n
6  =
___
2 7  /}„
(14)
The leading order formula is recovered by setting / NL0 = 0 and ft => 0. Defining leading
exponent as ’
7J, =  ( I 5)
and the subleading term as
a  = - dT+ 4-ln T - 4 ln^ 
4 4
(16)
one rewrites Fj as
F2 ~ x - xe a (17)
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The leading term in the double asymptotic formula for F2 corresponds to the double leading 
log approximation DLL [11] of the DGLAP equations [12]. It generates the growth of the 
structure function with falling jc proportional to A
The subleading term also falls with x but slower than the leading term growth. 
This formulation lias been used recently by HI Collaboration [13].
(18)
The value xq « 0.1 as suggested earlier [7,9]*wa& found to be a good choice while 
(?o is set at Go = 2.5 GeV2. To visualise the double scaling, it was proposed to rescale F2 
with factors RF and RF related by (6) but the explicit term is modified as
8.1 exp
R f «*>P) *
- 2 y a +  0) ^  + ~lri {ya) + In ^
where = 1 +
206 60,
Po
$2 = 13.
(19)
(20)
(21)
Q) (22)
Figure (2a) shows RfF2 versus p to the data with Q2 > 3,5 GeV2. The value of A for four 
flavours is chosen to be A -  263 MeV. Approximate scaling is observed for Q2 £ 5 GeV2 
and p't 2. At high p, the low G2 data tend to violate the scaling behaviour which is clearly 
seen.from the data at 3.5 GeV2.
In Figure (2b), In RfF2 is shown for p 2 2 and G2 5 GeV2 as a function of a. 
The data exhibits the linear growth with a. A linear fit to the data gives a value for the 
slope to be 2.50 ± 0.02 ± 0.06 (2.57 ± 0.05 ± 0.06) for Q2 < 15 GeV2 (Q2 > 35 GeV2) 
and 4 (5) flavours. The results are jn agreement with the QCD prediction : 2.4 and 2.5 
for nf = 4,5 respectively. Compared to the result presented in references [7,9], the 
extraction based on the 2-loop formalism [10] is in better agreement with QCD 
expectation.
One can therefore conclude that low jr, low Q2 measurements for Q2 Z 5 GeV2 
show scaling in p and a  The double asymptotic scaling is a dominant feature of F2 in 
this region.
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In a recent analysis [14], A and as are determined by fitting the expression (9 ) 
lor F:(.v, Q2) to the latest measurement of the proton structure function by the Hi
Figure 2. The rescaled structure functions (a) RrF: \eruts p and (b) lo g (# f h 2 ) verms a  using 
NLO-DAS formalism Only data with Q2 > 5 GeV2 and p > 2 are shown in (b)
experiment [ 13] at H E R A  yielding A -248  M eV , a s (m\ ) = 0.113 ± 0.002 (star) ± 0.007 
(svs/) at Q2 = 1.12 G eV 2. The authors also attempt a Q C D  inspired parametrization with 
leading exponent o f (9 ):
F2(x , Q 2) = N , x - ^ Tn  (23)
with nf = 4.
The N L O  double asymptotic expression ( I I )  and the modified D L L  form (23) a re  
shown in Figure 3. The modified D L L  form (23) is filled with two parameters Q\  »  0.365 
± 0.026 (star) ± 0.048 (sysr) G eV 2 and A = 243 ± 13 ± 23 M eV .
Let us conclude this subsection with a caution. In a recent work, Buchmiiller a n d  
D Haidt [15] obtains an equally good fit of the recent data [16] with a simple double 
logarithmic form
F2(x, Q 2 ) = a + m I n I n —  ( WQl x
with a = 0.078, m = 0.364, ,v0 = 0.074, Q2 = 0.5 GeV2. (25)
Hence ihe characteristic feature of double asymptotic scaling, a growth stronger than
any power of In -L. cannot be confirmed from the present HERA data. This more singular
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Figure 3, The prolon structure function FjU.C?2) as measured by the HI experiment at HERA 
together with a fit to the NLO double asymptotic expression (II) (full line) for Q2 > 5 GcV2 and 
with a fit to the modified DLL expression (23) (dashed line) in the full Q2 range.
b e h a v io u r  s h o u ld  b e c o m e  v is ib le ,  i f  a l  g iv e n  G 2, th e  r a n g e  in  x  is e x te n d e d  a t  le a s t  b y  o n e  
o rder o f  m a g n i tu d e .  In  th a t  s m a l l  x r a n g e ,  th e  m o re  s in g u la r ,  B F K L  [1 7 ]  p o w e r  b e h a v io u r  
m ay a ls o  p e r h a p s  b e  d i s t in g u is h e d .  T h is  c o r r e s p o n d s  to  a n  in c r e a s e  in  th e  c e n l r e - o f - m a s s  
energy  s q u a r e d  b y  o n e  o r d e r  o f  m a g n i tu d e ,  w h ic h  c o u ld  b e  re a c h e d  a t  f u tu r e  c o l l id e r s ,  s u c h  
js  LEP ®  L H C  o r  a t  a  5 0 0  G e V 2 L in e a r  C o l l id e r ®  H E R A .
3. Measuring Gluon and longitudinal structure functions
j . /. Approximate relation between gluon and longitudinal structure functions.
In le a d in g  o r d e r  in  a> , th e  lo n g i tu d in a l  s t r u c tu r e  fu n c tio n  FL(x, G 2) is  g iv e n  b y  [1 2 ]
* < » « ■ , . s £ i [ K * ( f ) W >
w!icre r  ■ d e n o te s  th e  c h a r g e  s q u a r e d  o f  th e  p a r to n s .
(26)
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In the low x limit, it yields [18] for four active flavours
j G U f l 1 ) -  - i _ F L(0 .7 5 x .C J )j-  (27)
Neglecting the quark contribution [18], one obtains
F i ( 0 . 4 7 ^ f i J ) =  ( 2 8 )
which directly relates gluon density to longitudinal structure function. NLO correction to
(28) has been reported by Zilstra and Van Neerven [19]. Recently [20] (28) has been used 
to test the gluon density with factorisable x and Q2 dependence by predicting the 
longitudinal structure function. Such a factorisable gluon has the universal limiting 
behaviour at low jr
G(*,f) = G(*,r0 (2 9 )
In Figure 4, the predictions of FL using (29) are compared with those obtained with 
collinear [19] and ky factorisation approach [21] at Q2 = 20 GeV2. Prediction of (29) are
x
Figure 4. Comparison of Fi using (29) with (he prediction of collinear (191 and kj factorisation 
[211 approaches.
found to be higher than those of [19] and [21]. The difference increases as x d e c re ases . 
However, as the cross-over of gluon distribution (29) with LO-GRV [22] occurs in the 
range x -  10"1 -  I0-2 for g 2 -  20 GeV2, the prediction may not be reliable lor* £ 10" ■
3.2. Measuring the Gluon density directly from structure function :
Instead of FL, a direct relation between F2(x, Q2) and the gluon distribution GU, Q2) will be 
more interesting from experimental point of view. Prytz [23] has initiated such a 
programme of study.
Using Taylor expansion approximation of GLAP equation [12], one obtains [23]
Structure functions—selected topics 555
dF2{x) 
d\nQ2
20 _  . 
¥ t C(2x)- (30)
The method has later been extended [24] to include the NLO corrections as well:
d F i ( x , Q 7 ) 2 0 « ,
dlnQ2 = C(2X)T
(31)
where A/(.r, Q1) is given explicitly [24], The result for four flavour in the MS scheme 
explicitly yields 125]
G( v Q2 ) = dFl
(40/27 + 7.96a, I 4 n ) { a , / 4 x )
(20/9)(cr1 /4n)N(x/2,Q2)
40/27 + 7.96a, /4/r ' (32)
Aii alternative method of extracting gluon density was proposed by Ellis Kunszt and 
Levin (EKL) [26].
In the EKL method [26], the gluon momentum density and F2 are assumed to behave 
as \ w", which leads to the following form for the scaling violation of F2:
= p " ( w 0 > y ( ^ e - ) + / > r c ( f l ) o ) « ( ^ e 2 ) 0 3 )
d \ i \Q -  “
with X ^ . Q 2 )
I F2(x, Q 2)
W  X
(34)
where (e2) is the average of the squares of the quark charges ( for four flavours). 
The non-singlet contributions are neglected. The evolution kernels PFF and PFG are 
expanded upto third order in a* (NNL)
P FF(o)o  ) «  +  a s P \ F + a t p F F ' <3 5 )
P FG(a>o) ® a^P^0 + aJP,FC + a*P£G. (36)
The LO and NLOresults are obtained by keeping in (35) and (36) the terms upto 0 (0 0  
Jnd ° ( a : ) respectively. The coefficients P FF and Pf c depend on the parameter (Uq
72A(6)-I3 .
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and are tabulated in [26] for a range of Ob values. The actual value of Ob must be extracted 
from data.
In contrast to the Prytz method [23,24], quark contribution is included fa 
the EKL method (33). The expression for the gluon momentum density for four
flavours is
C O r. Q} )
18/5 dF7( x , Q2)
P FC(0)0 ) [ d\nQ* (37)
In the EKL method, in contrast to the Prytz method, the gluon density at jr is 
calculated using the structure function F2 and its logarithmic slope at the same value
of -V.
Figure 5 compares the results of Prytz [23] and EKL [26] methods, with that 
of the LO global GLAP fit [25] at Q2 = 20 GeV2. The results are consistent among 
each other.
ZEUS 1993
Figure 5. Gluon momentum density as a function of jt at Q2 = 20 GeV2 
determined from the ZEUS data using the method of Prytz [23] and EKL [26].
Solid line is the LO GLAP fit.
Figure 6 shows the gluon momentum density obtained in NLO. Good agreement 
between the results of the three methods is observed. The shaded band in Figure 6 indicates 
the uncertainity of the gluon density from the global GLAP fit as estimated by adding th® 
statistical and systematic errors in quadrature.
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A relation alternative to (30) have also been suggested recently [27] which reads
d F 2 U . f i 1 )
d i n g 2
(38)
The difference arises due to the choice of the expansion point of G( -p -, Q2) occurred in 
the GLAP equation [12].
ZEUS 1993
Figure 6. The gluon momentum densiy as a function of x at Q2 = 20 GeV2 
determined from the ZEUS data using the methods of Prytz [24] and EKL [26] 
in the next to leading order. The solid line shows the result of the NLO GLAP 
global fit. It also shows the gluon distribution (hatched region) determined by 
the NMC experiment.
Gay Ducati and Goncalves [28] later obtained the expansion of the gluon distribution 
G( p ^ )  at an arbitrary point z = a  Retainig terms only upto the first derivative in the 
expansion, they get in the limit jr —► 0 .
J  X ( l  Y| 9 it 3 dF2{x, g 2)
5 a ,  2 d i n g 2
This reduces to Prytz relation_(30).for a  = while for a  = 0, it yields
d F 2 C x .g ? )  _ 5 0 ,  
ding2 “ 9 * 2 ° U  J
which is the corrected version of (38).
(39)
(40)
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Recently Kotikov and Parente [28] present a set of formulae to extract FL{jc, Q2) from
F2ix, (?) and dF2{x, Q2) directly. Assuming r s behaviour of the parton densities at low
d\nQ2
xt they obtain the following formula for Nf= 4 (a = a  f (Q2)/ 4jr) :
1Fl (x, Q 2) =
I + 30a U  45 J
(41)
which will be useful in extracting longitudinal structure function directly from the structure 
function and its Q2 derivative, instead of gluon distribution as (28).
4. Spin structure functions
Hadronic tensor W^ v defined in deep inelastic lepton nucleon scattering has two spin 
structure functions ft and ft [291:
w i , v{ P' q)  =  ( p . * | [ - M * ) . - M * ) ] | p .  s)
= - g ^ v F  i + +
i M r
—  V a ^ °
X s
. p.qsfi -  s.qpP _ 
g\ + ------- — -------8 2
p q
(42)
where sa is the spin of the nucleon and other symbols have usual meaning. For 
longitudinally polarised beam and target, one measures the longitudinally polarised 
asymmetries
and
_ /i t p l  - / i t p T  Q 2)
L F } ( X i Q 2 )
w » 81 -
2 xMp \
8  2 ± 8 \ '
(43)
(44)
For transversely polarised nucleon with polarisation perpendicular to the beam direction, 
the corresponding polarised asymmetry is
W 1 = ± — g L ( S ] + g 2 y  (45)
Conventionally, ft is called longitudinal spin structure function while g2 is called the 
transverse structure function, ft has the interpretation of incoherent sujn of parton 
probabilities
S i U . G 2 ) =  +  & q ( * > Q 2 ) ] '  (46)
where &q = q T -  q l .  On the other hand,g2 has no such simple partonic interpretation. Ii 
differs from zero because of the masses and the transverse momenta of the quarks. It has a
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unique leading order sensitivity to twist-3 operators, Le. quark gluon correlation effects in 
QCD. Thus g2 will be a unique probe of higher twist effects [30].
In general, g2 can be written as the sum of a contribution , directly calculable 
from  g | [31] and a purely twist-3 term g 2 [30]
# 2  U . f i 2 ) = * 2 ^  ( J t . f i 2 )  +  ? 2  ( J t . f i 2 )  (47)
with 8 2 ^ (jc.fi2 ) ” ~#i(jr»fi2 )+  f * 8 1  (f» f i 2 )“ ' (48)
Jjt t
Eq. (48) is called Wandzura-Wilczek relation.
A sum rule for g2
[ 82 (JT.fi2 )dx=  0 (49)JO
was d e riv ed  by Burkhart and Cottingham [32] using Regge Theory. It has been regarded as 
a consequence of conservation of angular momentum [33]. At present, the validity of the 
d e riv a tio n  of the sum rule is in question [30,34] and it is clearly important to test it 
ex p erim en ta lly . SMC [35] have reported measurement of spin structure function g2 as well 
as ihe a sy m m etry  A2 defined as
Al = /—-r- (gl + « 2  )■ (50)
Q 2 F,
Results of has also been summarised by SMC [35] as shown in Table I.
Table 1. Results on the spin asymmetry A2 and the structure functions g2 “ d 1?^  as repotted
in [35].
x interval w ( o 2(GeV2 )) a2 *2
ww
K2
0.006 -  0.0 IS 0 .0 1 0 1 4 0.002 ±0.083 12 ± 61 0.73 ±0.10
0.015 - 0.0ft) 0026 2.7 0.041 ±0.066 7 0± 12 0.47 ±0.09
0.050-0.150 0.080 5.8 0.017 ±0.091 0.2 ±2.9 0.15 ± 0.02
0.150 -  0.600 0,226 11.8 0.149 ±0.156 0.5 ±0.8 -0.10 ±0.02
E143 Collaboration [36] has measured structure functions g f and $2 over the 
range 0.03 < x < 0.8 and 1.3 < Q2 < 10 (GeV/c)2, Figure 7. In the same figure the twist-2 
g2w calculation is shown using gj(x, Q2) evaluated from a fit to world data [37] of 
asymmetry and assuming negligible higher twist contributions. Also shown are bag 
model predictions [38,39]. At high x , the results for g£ indicates a negative trend 
consistent with the expectation for . By extracting the quantity g i ( x , Q 2) » 
82 (x, Q7) - g ^ w ( jc, Q 2), one looks for possible quark mass and higher twist effects. 
This can be seen from the difference between the data and the solid line in Figure 7. Within
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the experimental uncertainly, the data are consistent with g 2 being zero, but also g 2 being 
of the same order of magnitude as g 2 w
0.05  0.1 0 5 1 0
X
Figure 7. Measurement of (a) a g , and (h) xgij Horn EI43 experiment |36|
El43 Collaboration 137] has also evaluated the integrals :
f'  g j(x )d x =  -0.013 ± 0.028’ (51)
Jo 03
f 1 g i{x)dx  = -0 .033 ± 0.082- (52)
Jo 03
These results are consistent with zero and conforms to the expectation of sum rule (49).
More recently [40], results are reported from the HERMES experiment at HERA, on 
a measurement of the neutron spin structure function gf(.v. Q2 ) using 27.5 GcV 
longitudinally polarised positrons incident on a polarised 'He target. The data cover the 
kinematic range 0.023 < x < 0.6 and I (GeV/c)2 < Q2 < 15 (GeV/c)2. Evaluating at a lixeil 
Q2 of 2.5 (GeV/c)2, experiment reports
f U6 g ’'(x)dx = -0 .034 ± 0.013(stat) ± 0.005(j v j /). W
J 0.023
Assuming Regge behaviour at low .r, the first moment comes out to be
r "  = J  *r (jr)rfjr = -0.037 ± 0.013(stat)
± 0.005 (sys!) ± 0.006 (extrapol) (54)
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5. Diffractive structure function
The observation of "diffractive" deep inelastic scattering (DDIS) events with a large 
rapidity gap [41] has opened up a new field on structure functions in the last few years.
While in the non-diffraciive deep inelastic scattering (DIS) where a virtual photon 
probes a parlon (Figure 8), in diffractive deep inelastic scattering (DDIS), a virtual photon
t
Figure H. 1‘sudi deep uielasiit v + /> —k <j + \
Q*s'__
Figure 9. OiMracmc deep indasiie seJiieimy e +/>—» <+ /J + ,\
piobes a colour neutral object emitted from the target proton (Figure 9). This colour neutral 
object is called "Pomcron".
In usual DIS, the standard kinematic variables are
W 2 = (p + q): , Q 1 = - q : ‘
"hue P.ft.ft'undc/ = ft-ft' are the lour momenta of the proton, incident lepton, final 
,L‘Pion and the virtual photon.
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In D D 1S, ihc proion rcmnani emerges wilh momcnlum P'. As a result, one
mtioduccs the additional kinematic variables |34]
_ < ,A P - P ’) a _  Q 2
C/ P K 2q.(P- P )
and t = ( P - P ' ) 2 (56)
Q 2besides x = — = xPP.2 P.q
Furthermore
Q 2 + Mx 2 - t  Q 2 
^  Q 2 + W 2 - M 2 Q 2 + M 2 - i (57)
where M\  = -  Q 2 + ( P -  P ' ) 2 . For
m 2 ( ( Q2 , w 2. (5K)
M :x + Q 2 
Xp = w 2 + q 2 (59)
Q 2 xand P ~ — --------- s ----■
m \  + q 2 */■ (60)
In ilm I ini it [34 j,
m
x P = Fraction o! ihc Proton’s four momcnlum transferred to ihc Pomcron 
and
P = Fraction of the Pteneron's four momentum carried by the quark 
entering the hard process.
The D D IS  cross section lor the process e p —> e + X  + p  is given by
d(UP'Q: ..\ p) 
tip ilQ2 (l\ dxp (61)
u here {>(P,Q2 . \p) is called the diffractive structure lunction, integrated over the 
\amhlc i. The uninlcgrated version is denoted by Fi>tAt(P,itQ2,xP).
The main experimental leaturcs ol FiJt are :
lat \p dependence ■
This is shown in Figure 10 which is in the r a n g e  2 x  I0-4 < xP < 2 x  I0‘2.
I n to the ZEUS data [16) yields
F i>"< ,  | J _ j "  (62)
\\ ith a =  1.46 ± 0.04 ±  ().()«. (63)
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Corresponding analysis of HI experiment [I6| fixes a ai 
a = 1.19 ±0.06 ±0.07. (64)
• ZEUS 1993 -  this analysis 
oZEUS 1993 -  previous analysis 
■ H I
Figure 10. The diflracnve M.uciuie lunciion t f "  M id  line l a lunciion | lh | of i,. loi 
vanous values o lftand Q: Open dots and >lars am from previous ineasuiemenis
Ih) fi dependence :
li is shown in Figure 11. The largest range ol fi is covered in ihe experiment is ai v;> =
0.003. Figure II shows that F,0'” rises as 0 decreases. which is expected Irom QCD 
evolution of parton densities of proton.
The unintegrated diffractive structure function F,"'4’ a n d  th e  P o m e io n  s i r u d u i e  
lunciion  Ff  are related via the F a c to r is a t io n  a n s a tz  1421
F f ,4’ (A > . ^ . r .0 : ) « / )7p(A,..r)Fr(/J.(?; ) 1651
72A(o)-i4
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w h e r e  ( a , , . / )  is the llux factor describing the llux of Pomcrons in the proton, which 
can he extracted from hadron-hadron scattering assuming universality of the proton llux.
ZEUS 1995
6
Figure 11. The diflruclive structure function ' as a function of f) at ,»/f = 
0 003 ji Q2 = 14 and 31 GeV2 The full line, dashed line, dashed dotted and 
dotted lines are model predictions discussed in [ 16]
The Pomcron structure function has the parton decomposition
F!‘(0.e2) = X 1<0[/*<0-C:)+Ar(0’G:)]' m
sshere f t (/j, Q 1 ) ( f u( P . Q2 )) is the probability of finding a parton (antiparlon) ol 
I l.i\our q with momentum traction P inside the Pomcron. For “hard Pomcron and soli 
Pomcron" they have simple forms [431
f  f  (p, Q 2 ) -  P( I -  p ) . Hard Pomeron 
-  (1-/3)5 : Soft Pomeron (67)
Q: dependence of F f  is expected to be weak and is neglected.
Parametrizations for Pomeron llux factors arc also reported in the liteialurc. The 
Ingchucn-Sehlcin form of ihc llux factor |42| is parametrized by a fit to UA4 data |43|
/ ''(v J, -n =  I T 3 ^ [ o-3« ' 8, + o-424' ’']-
On the other hand in the Donnuchic-Landshoff model [44]. the flux tactor is
(68)
(69)
where p {i = I S GeV 1 and F,(/) is elastic form factor of the proton.
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The Pomcron trajectory a^t)  occurring in (69) obeys a linear relation :
otp(t) = a P{0 ) + a Pt. (70)
Defining a P as a P(t) averaged over /, the exponent a defined in (62) obeys the relation 
— u + 1
<*/> = —  (71)
Prom the IV dependence of the diffractive cross section
a P = 1.23 ± 0.02 (stat) ± 0.04(syst) (72)
which is in between the soil Pomeron a P ~ 1.05 occurred in hadron-hadron collisions [44] 
jnd the hard or BFKL Pomeron (17) with a P -  1.5.
6. Conclusion
With ihc start of the HERA experiments, a novel era in the investigation of the proton 
structure has began. The Double Asymptotic Scaling, methods of measurements of gluon 
and longitudinal structure functions, diffractive structure functions (Jiscussed in this talk are 
ihc topics which evolved mostly during the prescnt-HERA years. Although the study of 
spin structure functions dates back to the sixties, experimental information on g2 has 
become available only during last few years. Coming years with HERA, LHC and LEP ® 
LHC will undoubtedly throw new light in the structure of the nucleon.
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